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A METHOD OF GENERATING PRESSURE PULSES, A PRESSURE 
PULSE GENERATOR AND A PISTON ENGINE PROVIDED 
THEREWITH 

5 TECHNICAL FIELD 

The present invention relates to a method of generating pressure 
pulses in accordance with the preamble of patent claim 1. 

10 It also relates to a pressure pulse generator according to the pream- 
ble of patent claim 1 1, and a piston engine provided therewith. 

The pressure pulses generated by a fluid that is permitted to flow in a 
circuit in the pressure pulse generator are suitably used for control- 
ling and operating an inlet or outlet valve to the combustion chamber 
of a combustion engine. The pressure pulse transmitting body may 
then be an integrated part of such a valve, preferably the valve stem 
m the case when the pressure fluid is a liquid, or a piston connected 
with the valve stem and driven in a cylinder, in case that pressure 
fluid is a gas. Alternatively, said body may be separate and arranged 
to act against an existing valve stem. The pressure pulse generator 
and the method of controlling the latter can be used for the purpose 
of controlling the height of lift of the valves,i.e. how much the valves 
are to open, and the opening times of the valves, i.e. the crank angle 
grade at which the opening and closure thereof is to takeplace. 

Pressure pulses that are generated by means of a pressure pulse gen- 
erator may also be used for the purpose of controlling the movements 
of a piston, a VCR-piston (VCR=Variable Combustion Ratio), for the 
variation of the cylinder volume of a combustion chamber and 
accordingly, the compression ratio, of a combustion engine If fee 
pressure fluid is a Iiquid,the pressure pulse transmitting body is 
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suitably, a stem that acts against or is connected with such a piston 
said piston then being displaceably arranged back and forth in a 
cylinder connected with the combustion chamber. If the pressure 
fluid is a gas, it can be permitted to act directly against the piston on 
a side thereof opposite to the one that is directed towards the com 
bustion chamber. The spring load that acts on the pressure pulse 
transmitting body in a direction towards the chamber of the pressure 
pulse generator may then be a direct result of the gas pressure that 
exists in said cylinder, and the combustion chamber, or may, but 
need not, be accomplished by means of a physical spring. 

Suitably, the pressure pulse generator comprises a control unit that 
electronically, and based on the position of the pressure pulse trans-' 
nutting body or the position of a piston in a piston engine (crank an- 
gle grade), controls valves for the regulation of the flow of the pres 
sore fluid and, thereby, the initiating of the pressure pulses. 

"Chamber", as used in this application, is referred to as a space in 
which the pressure fluid is accommodated and should be regarded in 
a wide since. In the application, a chamber is said to be divided into a 
first and a second part. Of course, it is also possible to regard such 
unit as consisting of two. separate chambers or spaces divided by a 
channel. The meaning is, however, the same. 

"Conduct", as it is used in this application, should also be regarded 
in a wide sense, and may, accordingly comprise a tubular conduit or 
a conduit formed by a channel arranged in a piece of material. 

THE BACKGROUND OF THE INVENTION 

It is widely known to drive spring loadedpoppet valves of combustion 
engines, hereinafter named engine valves, by means of a hydraulic 
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pressure pulse generator. For example, US 6 067 946 discloses the 
opening of an engine valve by an application of a hydraulic pressure 
onto a piston that is connected to the valve. The hydraulic pressure 
either comes from a high pressure source or a low pressure source. 
The application of the hydraulic pressure is performed by means of 
pressure control device based upon signals that are received from 
electronic control member. The hydraulic pressure is applied in such 
a way as to minimize the energy that is required for the activaion of 
the valve while, at the same time, the inertia of the valve is taken ad 
vantage of. The described system comprises means for open 
ing/interrupting the communication between the high pressure 
source and the chamber in which the piston is arranged, and means 
for opening/interrupting the communication between the low pres- 
sure source and said chamber. 

The method disclosed in US 6 067 946 includes that the high pres- 
sure source is brought in the communication with the chamber while 
the valve is displaced in a direction out of the chamber, i.e. to the 
opening position of the valve. When the valve gets close to a maxi- 
mally open position, the communication between the chamber and 
the high pressure source is interrupted and, instead, a communica- 
tion between the chamber and the low pressure source is opened In 
that way, a braking of the valve is accomplished before it reaches its 
end position. When the valve has reached this position, it can be 
locked in that position by interrupting both of said communications 
When the valve is to return to its closed position, the communication 
between the low pressure source and the chamber is re-opened 
whereby the pre-loaded spring force displaces the piston into the 
chamber. When the valve is close to its closed position, the home po- 
sition, the communication between the high pressure source and the 
chamber is opened and the communication between the low pressure 
source and the chamber is interrupted. In that way, a braking of the 
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movement in this direction is achieved. When the valve has reached 
its home position both communications may be interrupted to keep 
the valve in this position. In this way, the time during which the 
valve is open is controlled. 

5 

The drawback of this prior art is that the hydraulic liquid which 
comes from the high pressure source and is used for the projection of 
the valve to the open position thereof is almost completely further 
conducted to the low pressure source, whereby there is a significant 
10 loss of energy. 

THE OBJECT OF THE INVENTION 

It is an object of the present invention to provide a method and a 
15 pressure pulse generator that makes it possible to minimize the 

losses of energy in connection to a pressure pulse generation, in par- 
ticular in connection to a displacement of an engine valve of a com- 
bustion engine between the open and closed positions thereof, or a 
displacement of a VCR-piston. 

20 

It is a further object of the invention to achieve the primary object by 
means of a pressure pulse generator construction, which is as 
uncomplicated and reliable as possible. 

25 SUMMARY OF THE INVENTION 

The primary object of the invention is achieved by the initially defined 
method, characterized in that the communication between the high 
pressure source and the first part of the chamber and the communi- 
30. cation between the low pressure source and the second part of the 
chamber are kept interrupted while the communication between the 
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first and second parts of the chamber is opened and a displacement 
of the body out of the chamber is accomplished, 
and the communication between the first and second parts of the 
chamber is kept open for a re-establishment of a high pressure in the 
' first part of the chamber while the body, by the spring load, is dis 
placed back towards a retracted start position while the communica- 
bon between the high pressure source and the first part of the cham- 
ber and the communication between the low pressure source and the 
second part of the chamber are kept interrupted. 

When said body is on its way back to or is already back in its maxi 
mally retracted position, the communication between the two parts of 
the chamber is interrupted and the communication between the first 
part of the chamber and the high pressure source is opened in order 
to fully re-establish the pressure in the first part of the chamber. 

In other words, the pressure fluid present in the first pat of the 
chamber will act as a pressure fluid spring that, repeatedly , is pre 
loaded as the body is returned to the start position and when the 
communication between the two parts of the chamber isinterrupted 
whxch, suitably, takes place when the pressure pulse transmitting ' 
body is on its way to a home position, that is the position in which it 
is maximally retracted into the chamber. In the preferred case when 
the body in question acts against or is connected with a valve stem or 
a piston connected with the valve of an engine valve, this position 
corresponds to the home position of the valve, i.e. the closed position. 

In particular when the pressure fluid is relatively incompressible 
such as a liquid, and when the pressure pulse transmitting body 'is a 
stem, for example a valve stem, the communication between the first 
and second parts of the chamber is interrupted and the communica- 
uon between the high pressure source and the first part of the cham 
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ber as well as the communication between the low pressure source 
and the second part of the chamber are kept interrupted when, or at 
least in connection to when, said body reaches a maximally projected 
position. Thereby, a locking of said body in this position is accom- 
plished. In the case of an engine valve, the time during which the 
valve is open is controlled in this way. The communication between 
the first and second parts of the chamber is then opened when the 
pressure pulse generating body shall be permitted to return to its 
starting position, or its maximally retracted position. The spring force 
that acts on the body in a direction towards the chamber and that 
has been built up during the displacement of the body to the pro- 
jected position will thereby overcome the force that the hydraulic liq 
uid in the chamber exerts on the body, resulting in a rapid return of 
the body. 

However, a certain amount of energy has been lost during the dis- 
placement described above, and the spring force will not be sufficient 
for a total return of the body. In order to permt such a total return, 
the method according to the invention includes that the communica- 
tion between the low pressure source and the second part of the 
chamber is opened and is kept opened during a final stage of the re- 
turn movement of said body into the chamber, in order to permit the 
body to return to a maximally retracted starting position. 

25 Preferably, the pressure pulse transmitting body is connected to a 
spring loaded inlet or outlet valve or a VCR-piston, of a combustion 
engine, and, preferably, the height of lift of the valve, or the length of 
the stroke of the piston is controlled by a control of the pressure that 
is provided in the first part of the chamber through the high pressure 

30 source. 
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The time dialing which the spring loaded inlet or outlet valve is kept 
in an open position is thereby controlled by a control of the time 
during which the communication between the first and second part of 
the chamber is kept interrupted when said body is in its maximally 
5 projected position. This is particularly relevant when the pressure 
fluid is a liquid. 



The primary object of the invention is also achieved by means of a 
pressure pulse generator according to the invention, characterized in 

10 that it comprises means for opening/interrupting the communication 
between the first part of the chamber and the high pressure source, 
and means for opening/interrupting the communication between the 
second part of the chamber and the low pressure source, and 
an operable valve body for operiing/interrupting the communication 

15 between the first and second parts of the chamber. Thanks to the 

presence of these means for opening and interrupting said communi- 
cations it is possible to perform the steps of the method according to 
the invention. The invention permits a preloading of the first part of 
the chamber and a full return of the pressure pulse transmitting 

20 body to its starting position. 



According to a preferred embodiment, the means for open- 
ing/ interrupting the communication between the first part of the 
chamber and the high pressure source are electromechanically oper- 
25 ated. It is particularly preferred that the means for an electro- 
mechanically operated opening/interrupting of the communication 
between the first part of the chamber and the high pressure source 
comprises a solenoid-activated valve body. Also the means for open- 
ing/interrupting the communication between the second part of the 
chamber and the low pressure source has this feature. In that way, a 
computer program-controlled activation of any present valve body can 
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be performed, and a very precise control of the pressure pulses is 
achieved. 

According to a preferred embodiment of the invention, the operable 
5 valve body that is used for opening/interrupting the communication 
between the first and second parts of the chamber also constitutes a 
valve body of the means for opening/interrupting the communication 
between the first part of the chamber and the high pressure source. 
In this way the amount of components required for the pressure 
10 pulse regulation is reduced. 

According to another preferred embodiment, the operable valve body 
that is used for operiing/interrupting the communication between the 
first and second parts of the chamber also constitutes a valve body of 
the means for openmg/interrupting the communication between the 
second part of the chamber and the low pressure source. This further 
contributes to the reduction of the number of components that are 
required for the pressure pulse regulation. In the case in which the 
valve body is a slide valve, the invention includes that the conduits 
between the chamber and the high pressure source and the low pres- 
sure source respectively are positioned such that they are intersected 
by the slide valve, and such that the slide valve also intersects a con 
nection between the first and second parts of the chamber, and thus 
can be used for opening/interrupting the communications in each of 
25 these conduits-connections. 

As an alternative or supplement to the means that have been men 
tioned above for openmg/interrupting the communication in the con- 
duit to the high pressure source, the means for opening/interrupting 
30 the communication between the first part of the chamber and the 
high pressure source may comprise a portion with a reducedcir- 
cumference or include an opening in the pressure pulse transmitting 
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body, said portion being positioned in order to open for a communi- 
cation when said body is close to or in a starting position in which it 
is maximally retracted into the chamber. 



10 



In a corresponding way, said means for opening/ interrupting the 
communication between the second part of the chamber and the low 
pressure source may comprise a portion with a reduced circumfer- 
ence or an opening in the pressure pulse transmitting body, said 
portion being positioned for the purpose of opening for a communi- 
cation when said body is close to a starting position in which it is 
maximally retracted into the chamber. However, it is important that 
this communication is once again interrupted when the starting 
position has been reached, in order to prevent high pressure liquid 
from draining out that way when the communication between the two 
15 parts of the chamber is re-opened upon the starting of the following 
projection movement. The pressure pulse transmitting body inter- 
sects the conduits between the chambers and the high pressure 
source and the low pressure source respectively. 
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It should be realized that the first part of the chamber has a volume 
that is adapted in order to enable the highly pressurized liquid gath 
eied therein to act as a liquid spring, the triggering of which causes a 
displacement of the pressure pulse transmitting body from a maxi 
mally retracted position to a projected position against the spring 
load that acts on said body in the opposite direction. Said spring load 
may be the effect of a valve spring of a poppet valve of a combustion 
engine. 

Alternatively, if the pressure fluid is a gas, it should act against a lap 
ger area on the pressure pulse transmitting body then what isnor- 
mally possible if the latter is avalve stem. In such case, the pressure 
pulse transmitting body is preferably constituted by a piston that is 
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arranged movably back and forth in a cylinder and, for example, con- 
nected with or provided in a force transmitting contact with the valve 
in question. The body may also constitute the piston itself of a VCR- 
piston. The gas acts directly against the end surfaces of the piston. 
5 Moreover, the volume of the first part of the chamber is dimensioned 
in order to enable a high pressure gas gathered thereinto act as a 
gas spring, the triggering of which causes a displacement of the pres 
sure pulse transmitting body from a maximally retracted position to a 
projected position against the spring load that acts on said body in 
10 an opposite direction. 



20 



Preferably, the pressure pulse generator comprises a control unit 
with a computer program for controlling the means for open 
ing/ interrupting the communication between the first and second 
15 parts of the chamber and between the first part of the chamber and 
the high pressure source and between the second part of the cham- 
ber and the low pressure source in accordance with the inventive 
method, based on an information about the position of the pressure 
pilse transmitting body or a body connected therewith, and/or based 
on an information about the position of a piston that operates in the 
combustion chamber of a piston engine. 

The invention also relates to a piston engine with a valve for an intro- 
duction or a discharge of air or an air/fuel mixture to a combustion 
chamber, characterized in that it comprises a pressure pulse gen- 
erator according to the invention for the operation of said valve. 

The invention also relates to a piston engine with a VCR-piston con- 
nected to a combustion chamber of the engine, characterized in that 
it comprises a pressure pulse generator according to the invention for 
operating said VCR-piston. 
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Further features and advantages of the invention will be disclosed i 
the following, detailed description and in the remaining patent 
claims. 



5 BRIEF DESCRIPTION OP THE DRAWINGS 



Hereinafter, the invention will be described by way of example with 
reference to the annexed drawings, on which: 

10 Fig. 1 is a schematic cross section of a pressure pulse generator ac- 
cording to a first embodiment of the invention, 

Fig. 2 shows a second embodiment of the pressure pulse generator 
according to the invention, 

15 

Fig. 3 shows a third embodiment of the pressure pulse generator ac- 
cording to the invention, 

Fig. 4 shows a foruth embodiment of the pressure pulse according to 
20 the invention, 

Fig. 5 shows a fifth embodiment of the pressure pulse generator ac- 
cording to the invention, 

25 Fig. 6 shows a sixth embodiment of the pressure pulse generator ac- 
cording to the invention, and 

Fig. 7 shows a seventh embodiment of the pressure pulse generator 
according to the invention. 

30 



DETAILED DESCRIPTION OF THE INVENTION 
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Fig. 1 shows a first embodiment of pressure pulse generator accord- 
ing to the invention. The pressure pulse generator comprises a body 1 
that encloses a chamber 2, which, in its turn, can be regarded as di- 
vided into a first part 3 and a second part 4. The first part 3 has a 
larger volume than the second part 4, the volume of which, however, 
is depending on the position of a pressure pulse transmitting body, 
as will be described later. Further, the pressure pulse generator com- 
prises a high pressure source 5, a low pressure source 6, a first con- 
duit 7 that connects the high pressure source 5 with the first part 3 
of the chamber 2, and a second conduit 8 that connects the low pres- 
sure source 6 with the second part 4 of the chamber 2. The high 
pressure source 5 delivers and the low pressure source 6 receives a 
hydraulic liquid, for example oil. The high pressure source may be 
driven by a pump, and the low pressure source 6 may be connected 
with the atmosphere and may present atmospheric pressure. The low 
pressure source 6 is, for example, the oil trough of a car or any other 
vehicle provided with a combustion engine. 

Further, the pressure pulse generator comprises a pressure pulse 
transmitting body 9 that, through an opening in the body 1, is in a 
direct contact with and projects into the second part 4 of the cham- 
ber 2. The pressure pulse transmitting body 9 is displaceably ar- 
ranged to and from the second part 4 of the chamber 2 and consti- 
tutes a part of a wall thereof. In this case, it constitutes a part of or is 
25 connected with or bears against a valve stem of an inlet or a outlet 

valve 10, here a poppet valve, to the combustion chamber (not shown) 
of a combustion engine. The valve 10 is preloaded into a closed post 
tion by means of a spring 11, which accordingly, acts with a force in 
a direction towards the chamber 2, that is for the purpose ofretract- 
ing the pressure pulse generating body 9 into the chamber 2. Inits 
closed position, the valve 10 rests against a valve seat, for example in 
the inner ceiling of the combustion chamber. 
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Apart from these components, the pressure pulse generator com- 
prises a valve body 12, a first solenoid 26 and a second solenoid 27. 
The solenoids 26, 27 are arranged for the purpose of activating, in 
5 other words displacing, the valve body 12, the task of which is to 

open or brake the communication between the first part 3 and second 
part 4 of the chamber 2, between the first part 3 ofthe chamber 2 
and the high pressure source and between the second part 4 of the 
chamber 2 and the low pressure source 6. This is possible since the 

10 valve body 12 runs tightly in a groove in which the path of the valve 
body intersects a channel that connects the two parts 3 and 4 of the 
chamber 2, and also intersects the conduits 7, 8 that connects the 
two parts 3, 4 of the chamber 2 with the high pressure source 5 and 
the low pressure source 6 respectively. The valve body 12 is provided 

15 with taperings or openings 13, 14, 15 that, when they reach a posi- 
tion opposite to a channel or a conduit 7, 8, permit a passage of hy- 
draulic liquid therethrough. By a suitable positioning and extension 
of such taperings/ openings 13, 14, 15 along the valve body 12, a 
control of the time for opening and interrupting the communication 

20 in the respective conduits 7, 8 and between the first part 3 and the 
second part 4 of the chamber 2 may be accomplished. In fig. 1, the 
engine valve 10 is shown in a closed position, in which tie pressure 
pulse transmitting body, in connection with a valve stem, is maxt 
mally retracted into the second part 4 of the chamber 2. The taper- 

25 ings/ openings 13, 14, 15 are in such positions that the communica- 
tion between the first part 3 and second part 4 of the chamber 2 is 
interrupted, while the communications between the first part 3 of the 
chamber 2 and the high pressure source 5 and between the second 
part 4 and the low pressure source 6 are open. 

30 

The first part 3 of the chamber 2 is designed and dimensioned in or- 
der to act as a liquid spring that is loaded or preloaded by a hydraulic 
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liquid of a given pressure, in the position shown in fig. 1, in order to 
then be triggered in connection to an opening or closing movement of 
the engine valve 10, and in order to then, when the closed position 
once again has been reached be reloaded. The opening-closing cycle 
5 according to the invention will be described more in detail, step for 
step, later. 
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Fig. 2 shows an alternative embodiment of the pressure pulse gen- 
erator. The most remarkable difference compared to the first em- 
bodiment is that, instead of only one passage, it comprises a first 
passage 16 and a second passage 17 between the first part 3 and 
second part 4 of the chamber 2, and that each passage is provided 
with a non-return valve 18, 19, said non-return valves 18, 19 being 
arranged to open in different directions. Moreover, the valve body 12 
15 has two taperings/openings 20, 21, a first one of which 20 is to be 
positioned opposite to the first passage 17 in a first position of the 
valve body 12 and the second one of which 21 is to be positioned op- 
posite to the second passage in a second position of the valve body 
12. Of course, it is possible to imagine a solution that only has one 
tapering/ opening that is moved between the positions of the non-re- 
turn valves. The first position corresponds to when the pressure 
pulse transmitting body 9 is projected and there is to be a flow from 
the first part 3 of the chamber to the second part 4 thereof, and the 
second position corresponds to when the body is being retracted or is 
already retracted and when a flow is to take place or at least be per- 
mitted to take place from a second part 4 of the chamberto the first 
part 3 thereof. The solution has the advantage that the movements of 
the valve body 12 need not be as precise as in the first embodiment. 
On the other hand, it has the disadvantage of requiring more compo 
nents, primarily the non-return valves 18, 19. 
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Fig. 3 shows another alternative embodiment of the pressure pulse 
generator according to the invention. The difference when compared 
to the embodiment shown in figs. 1 and 2 is that it comprises a sepa- 
rate valve body 22, which is arranged for opening and interrupting 
5 the communication in the conduits 7 and 8 that connects the first 
part 3 of the chamber with the high pressure source 5 and which 
connects the second part 4 with the low pressure source 6 respec- 
tively. Moreover, it comprises a separate solenoid 23 for the activation 
of said valve body 22. This solution requires a synchronized control of 

10 all solenoids, but also permits better possibilities for a variable con 
trol of the opening/interrupting of the communication in the individ- 
ual conduits/passages independently of each other. A further devel- 
opment could comprise separately operated valve bodies for open- 
ing/interrupting the communication in the first conduit 7 and in the 

15 second conduit 8. 



Fig. 4 shows another embodiment in which the means for opening 
and interrupting the communication in the conduits 7, 8 to the high 
pressure source 5 and to the low pressure source 6 respectively also 
include the pressure pulse transmitting body 9 itself, wherein said 
body, at predetermined positions along its longitudinal axis, presents 
taperings or openings 24, 25, which, when said body 9 reaches a 
predetermined position, here corresponding to the closed position of 
the engine valve 10, are located opposite to the conduits 7, 8 and, 
accordingly, opens for a communication therein. This arrangement 
guarantees that there will be no communication between the high 
pressure source 5 and the first part 3 of the chamber 2 or between 
the low pressure source 6 and second part 4 of the chamber in other 
cases than in the closed position of the engine valve 10, in other 
words in the maximally retracted position of the pressure pulse 
transmitting body 9 or very close to this position. 
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Fig. 5 shows an embodiment that could be regarded as a simplified 
further development of the embodiment according to fig. 4 in the 
sense that the valve body 12 now is only arranged for the purpose for 
opening and interrupting the communication between the first part 3 
and second part 4 of the chamber, while the taperings/ openings 24, 
25 of the pressure pulse transmitting body 9 constitute the only 
means for opening the communication between the high pressure 
source 5 and the first part 3 of the chamber 2 and between the low 
pressure source 6 and the second part of the chamber 2 respectively. 

Now, an opening-closing cycle of the engine valve 10 wil be described 
more in detail. In a starting position, in which the engine valve 10 is 
closed and rests against its seat, the valve body 12 for open 
ing/interrupting the communication between the two parts of the 
chamber 2 is in an interrupting position, while, simultaneously, it 
permits a communication in the two conduits 7, 8. The communica 
tion in the conduit 7 may, in principal, also be interrupted as soon as 
a desired pressure, corresponding to the pressure of the high pres- 
sure source 5, is established in the first part of the chamber 2. In a 
corresponding way, the communication in the second conduit 8 may 
be interrupted as soon as the engine valve has reached its closed po- 
sition, since there is then no longer any need of a continued commu- 
nication between the low pressure source and the chamber. 

25 When the engine valve 10 is to be opened, one of the solenoids 26, 27 
is activated as an answer to a signal from a control unit (not shown), 
which, suitably, is provided with a computer program for controlling 
the engine valve 10. When the solenoid 26 or 27 is activated, it dis 
places the valve body 12 to a position in which a tapering or opening 
14 thereof opens for a communication between the first and second 
part 3, 4 of the chamber, for permittinga flow in a direction towards 
the second part. Simultaneously, or preferably just before this com 
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nmnication has been established, the communication in the conduits 
7, 8 is interrupted for the purpose of preventing any hydraulic liquid 
from passing directly from the high pressure side to the low pressure 
side without being taken advantage of for the purpose of displacing 
5 the pressure pulse transmitting body 9. The correlation of the timing 
is achieved through a suitable positioning of the taperings/ openings 
13, 14, 15. The pressure present in the first part 3 of the chamber 2, 
that acts as a liquid spring, is adapted in order to permit a predetep 
mined displacement of the engine valve 10 to an open position when 
10 the communication between the two parts of the chamber2 is 
opened. 



When the engine valve 10 has reached a maximally open position, in 
which the major part of the energy that was stored in the liquid 
15 spring now has been used for biasing the valve spring 1 1, the move- 
ment of the engine valve 10 ceases. Thereby, a continued displace- 
ment of the valve body 12 takes place until the latter has reached a 
position in which it brakes the communication between the two parts 
3, 4 of the chamber and in which it also brakes the communication in 
20 the conduits 7, 8 to the high pressure source 5 and the low pressure 
source 6 respectively. In that way, a locking of the engine valve in an 
open position and during an optional time period can be achieved. In 
the case when non-return valves are used for the regulation of the 
flow between the parts of chamber, such as shown in figs. 2 and 3, 
one of the non-return valves will guarantee that there is no returning 
flow when the tapering/ opening is in a position opposite to the rele- 
vant passage between the first part and the second part provided with 
this non-return valve. In such a case, the tapering/ opening need not 
be displaced further beyond the passage in order to cause a locking. 
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When the engine valve is to be re-closed, one of the solenoids 26, 27 
is activated for displacing the valve body to an open position, in 
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which it once again opens for communication between the first part 3 
and second part 4 of the chamber 2 for a flow in a direction towards 
the first part 3. The communication in the conduits 7, 8 is stillinter- 
rupted. The valve engine 10 will perform a returning movement back 
5; to the closed position. Since there will always be a certain loss of en 
ergy, the energy that is now stored in the preloaded valve spring 11 
is, however, not sufficient for permitting a full retraction of the engine 
valve 10 to its closed position. In order to enable a complete return, it 
is required that the communication between the chamber 2 and the 
10 low pressure source 6 is opened any time during the returning 

movement. Suitably, this is accompEshed by a further displacement 
of the valve body 12 to a position in which a tapering or an opening 
15 thereof will be opposite to the conduit 8 that leads to the low pres- 
sure source 6. Just before this moment, simultaneously therewith, or 
15 just after this moment, the communication between the two parts of 
the chamber 2 is to be interrupted, and then the communication 
between the first part 3 of the chamber 2 and the high pressure 
source 5 can be re-opened. We are then back in the starting position 
shown in fig. 1. Generally, any short circuit i.e. an opening of all 
communications at the same time, should be avoided as far as possi- 
ble. In the case when non-return valves are used, such as shown in 
figs. 2 and 3, these, or more precisely one of these, can guarantee 
that there will be no short circuit. 

25 It should be realized that the delay between the opening and inter- 
rupting of the different communications either can be accomplished 
by means of purely geometrical positionings and choices of dimen 
sions of the present taperings and openings of the relevant valve 
bodies. In the case when different valve bodies, driven by different 

30 solenoids, are used for the operiing/interrupting of different 

communication conduits or passage, the time control can be per- 
formed through the computer program that controls the activation of 
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the solenoids for the purposes of achieving a required synchronizing 
of the timing for opening/interrupting in accordance with the inven- 
tive method. 



5 The maximum opening of the engine valve 10, the height of lift, can 
be controlled during operation through a variation of the pressure in 
the high pressure source 5, for example through a control of a pump 
that generates said pressure. It is also conceivable to achieve such a 
variation if the chamber 2, preferably the first part 3 thereof, is de- 
10 signed with a variable volume. 

The valve time, i.e. the time during which the engine valve 10 is in its 
maximally open position, can be controlled in a completely comput- 
erized way by controlling the time at which the solenoid 26, 27 that 
operates the valve body 12 for opening and interrupting the commu- 
nication between the two parts 3, 4 of the chamber is to be activated 
for a re-opening of this communication. 
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It should be realised that the invention, as described above for the 
case in which the used pressure fluid is a liquid, is also applicable to 
corresponding embodiments in which the pressure fluid is a gas. The 
substantial differences are then that the gas, due to its higher com 
possibility, needs , to act on a larger area of the pressure pulse 
transmitting body in order to generate a corresponding movement 
25 thereof, and that the volume of the first part of the chamber should 
be adapted to the fact that the pressure fluid is a gas. Suitably, the 
pressure pulse transmitting body is then a piston arranged to move 
back and forth in a cylinder and force-transmittingly connected with 
the valve the motions of which it is supposed to cause. The pressure 
pulse transmitting body may also be identical with a VCR-piston that, 
through said cylinder, is in a direct connection with the combustion ' 
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chamber of a combustion engine, for the purpose of varyingthe vol- 
ume of the latter depending on the engine load. 

Fig. 6 shows a further embodiment of the device according to the in- 
vention, according to which the pressure fluid is a gas and the pres- 
sure pulse transmitting body 9 is a piston that is arranged to move 
back and forth in a cylinder 26 in a gas-sealed way. The piston 9 is 
directly connected with a stem 27 of a valve (not shown), or consti- 
tutes a so called VCR-piston that, on one of its sides, is in a direct 
connection with the combustion chamber of a combustion engine and 
which, by way of its displacement, is arranged to vary the volume of 
the combustion chamber, and, thereby, the compression ratio. 

As in the preceding embodiments, this device comprises a chamber 
15 with a first part 28 and a second part 29. The difference is thatthe 
second part 29 is identical with a space in the cylinder 26 on one side 
of the piston 27 instead of, as in the hydraulic case, being located di- 
rectly above a substantially thinner valve stem. A valve body 30 
forming a slave valve is arranged to open and close a communication 
between the first part 28 and the second part 29 of the chamber. The 
motion of the valve body 30 is due to an opening and closing respec- 
tively of a communication between the latter and a high pressure 
source 5 and a low pressure source 6 respectively. An electromag 
netically activated valve, here a solenoid-activated slide valve 31, is 
arranged to open/close the communication between the valve body 
30 and the high pressure source 5 and the low pressure source 6 re- 
spectively by opening/closing conduits 32, 33 that lead between one 
side of the valve body 30 and said sources. In other words, the valve 
body 30 is in directly solenoid-activated, which is included in the 
general inventive concept. The side of the valve body 30 that is ef- 
fected by the pressure fluid through the conduits 32 and 33 is sealed 
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against the first part 28 of the chamber, said valve body 30 being ar- 
ranged, in this case, to be displaced in said first part of the chamber. 

A further valve body 34 is arranged to open/ close a communication 
between the second part 29 of the chamber and the low pressure 
source 6. This valve body 34 is arranged in a way that generally cor- 
responds to that for the first valve body 30. It communicates on one 
side with the second part 29 of the chamber and on another side 
with, on one hand, a conduit 35 to the high pressure source, and, on 
the other hand, a conduit 36 to the low pressure source. The opening 
and closing respectively of the communication in the conduits 35 and 
36 is done by means of the previously mentioned electromagnetically 
activated valve 31. Moreover, there is a conduit 37 that leads between 
the first part 28 of the chamber and the high pressure source 5. The 
15 electromagnetically activated valve 31 is arranged to open and close 
the communication also in this conduit. It should be realized that the 
only electromagnetically activated valve 31 could be replaced by a 
plurality of electromagnetically activated valves for the accomplish- 
ment of opening/ closing functions that correspond to the ones that 
have been described above. However, the device is to operate in ac- 
cordance with the principals that have already been described in this 
application and which are generally relevant, independent of em- 
bodiment and type of pressure fluid. 

25 A further embodiment of a pressure pulse generator according to the 
invention is shown in fig. 7. In contrast to the previously described 
embodiments, this pressure pulse generator comprises a spring 38 
that constantly acts with a spring force against a displaceable or 
elastic wall 39 of the first part 3 of the chamber 2. Here, thespring 

30 38 is of mechanical type, but could, alternatively, be a pneumatic or 
hydraulic spring. 
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Although it has not been shown on the figures, it should be realized 
that electromagnetically activated, preferably solenoid-activated, slide 
valves are normally provided with a return spring or the like for re- 
turning the valve body in question when the activation is discontin- 
5 ued. Of course, it is also possible to have double solenoids, that act 
pulling and pushing respectively on the valve body and that co-oper- 
ate for displacing the valve body back and forth between the positions 
in which the latter opens and interrupts the communication in one or 
more conduits or connections. 

10 

Moreover, pilot valves that are not directly driven by a solenoid, but 
that are indirectly controlled through a solenoid-activated valve body 
may replace or supplement anyone of the means that have been de- 
scribed above for the opening/interrupting of the communication be- 
15 tween the parts of the chamber or between each individual part and 
the high pressure source or the low pressure source respectively. 
Such solutions have to be regarded as being within the scope of the 
invention, as defined in the annexed patent claims. 

20 It should also be mentioned that the pressure pulse transmitting 

body 9, according to an alternative application, may have as its task 
to directly act on a fuel for the purpose of causing a direct fuel injee 
tion into the combustion chamber of a combustion engine. 

25 It should be mentioned that the body 1 in which the chamber 2 of the 
pressure pulse generator and the pressure pulse transmitting body 9 
are arranged may be the cylinder head of an engine according to the 
invention. The body 1 may, alternatively, be separate and attached to 
a cylinder head. ' 

30 

It should be realized that the pressure pulse transmitting body in all 
implementations of the invention either can be directly connected 
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with, that is forming a part of, the valve body or the VCRpiston that 
it is to act against, or be separate therefrom. 

In the applications that have been discussed above, the fluid pres- 
5 sure, the high pressure, is typically 100-500 bar when the fluid is a 
liquid, typically oil, and 3-30 bar when the fluid is a gas or a gas 
mixture, typically air. 



10 



It should be realized that the pressure pulse transmitting body con- 
stitutes a displaceable wall of the second part 4 of the chamber, 
whereby the volume of the latter is variable depending on the dis- 
placement position of the pressure pulse transmitting body. 



